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Generalizability of Performance Assessment Measures
on the '
Florida Teacher Certification Examinations

Robert T. Motika
University of South Florida
Institute for Instructional Research and Practice

Abstract: Examinee data from performance measures comprising a portion of 2 foreign
language teacher certification exams were used in a generalizability study of the quality of these
performance ratings. A total of 775 examinees from the Spanish K-12 and 192 examinees from
the French K-12 subject area tests of the Florida Teacher Certification Examinations were
selected for inclusion. The total data groups for both exams were sub-divided by unique rater
pair combinations to form a series of (Person x Rater x Scale) fully crossed designs with 2
random facets (Person and Rater) and 1 fixed facet (Scale). Variance component estimates were
then determined using this model for each of the 31 examinee subgroups for Spanish and 8
examinee subgroups for French. The means of the resulting variance component estimate
distributions were used to assess the overall quality of the ratings and the relative measurement
error associated with rater and scale facets. Separate (Person:Form x Rater) partially nested
designs were utilized to estimate variance associated with the forms facet. Results of the study
indicate that for both the Spanish and French certification exam data, universe score or person
variance represented the largest single component of the total observed variance while the
magnitude of the variance component estimates for facets associated with measurement error
were small. The overall quality of these data for use in absolute decisions as assessed by
estimates of the index of dependability or phi coefficient was high (¢ > .90).

Purpose
This study applies Generalizability Theory to examine the technical quality of performance

assessment ratings for two subject matter certification exams administered as part of the Florida
Teacher Certification Examination (FTCE) program. A passing score on these examinations is
a prerequisite to teacher certification in the state of Florida. The use of performance assessment
in testing programs of all kinds has increased substantially over the past decade even as the
technical quality of these performance assessment applications remained at issue. The need for
quality performance measurement is particularly acute in high-stakes areas such as certification

and licensure testing.



In its current form, the Florida Teacher Certification Examination (FTCE) comprises several
sub-tests including: 1) a multiple-choice exam covering general pedagogical skill, 2) a test of
basic skills in math and English, and 3) subject area specific exams (54 subject area certifications
currently exist). This study examined performance assessments used as part of the French K-12
and Spanish K-12 subject area examinations. These foreign language certification exams are part
of a small group of 8 subject area exams which incorporate performance assessments or non-
traditional item prompts as part of the exam. The large majority of the subject area tests
comprising the FTCE program (47 out of 54 subject area exams) consist solely of traditional
multiple choice item formats.

The use of generalizability theory to examine the dependability of performance measures
provides advantages over classical measurement theory estimates of score reliability.
Generalizability theory permits the multiple sources of measurement error and their interactions
to be assessed in a single analysis whereas classical test theory based procedures such as test-
retest reliability correlation permit only the examination of a single error source. In performance
assessment measurement situations, which commonly involve several facets or sources of
measurement error (such as raters, rating scales, and testing prompts) the use of generalizébility
theory is clearly warranted. (Thompson, 1994).

This study attempts to assess the variability associated with the following major sources:

¢ variance associated with differences among raters (inter-rater reliability)

¢ variance associated with differences among the scale elements or categories which define
the ratings (scale reliability)

¢ variance associated with different forms of the exams (coefficients of equivalence)

e variance associated with persons (true-score or universe variance)



Spanish K-12 Certification Examination

For the Spanish K-12 subject area test, successful examinees must demonstrate proficiency in
speaking skills, listening skills, reading skills, knowledge of Hispanic culture, knowledge of .
grammar, and teaching techniques. Of these test elements, speaking skill is assessed by use of a
performance assessment. The Spanish examination is divided into three sections. In the speaking
section, examinees tape-record responses to items that are printed in the test book. In the
listening section, examinees listen and respond to multiple-choice items presented on an audio
tape. The multiple-choice section requires examinees to respond to multiple-choice items that
require no supplemental materials.

The audio taped responses to 11 prompts are the examinee performances assessed in this test.
After listening to all eleven examinee responses, raters are asked to assign a holistic rating to the
entire group of responses for the following scale categories: Grammar, Vocabulary,
Pronunciation, and Fluency. As seen in Figure 1, each of the 4 scales range from a low of 1 to a

high score of 6 and are anchored by bipolar scale descriptions

GRAMMAR Inaccurate 1 2 3 4 5 6 Accurate
VOCABULARY Inadequate 1 2 3 4 5 6 Adequate
PRONUNCIATION Non-Native 1 2 3 4 5 6 Native
FLUENCY Broken 1 2 3 4 5 6 Smooth

Figure 1. Spanish Certification Exam Performance Scales.



French K-12 Certification Examination

For the French K-12 subject area test, speaking skills, listening skills, writing skills,
knowledge of grammar, and teaching techniques are major test elements. Examinee speaking
skill assessment is the test component examined in this study of performance ratings. In the
speaking assessment section, examinees tape-record oral recitations of a printed passage, listen
to a short passage describing a scenario and then record a plausible ending, and make up a short
story (4 sentences or more) based on a series of simple pictures The audio taped responses to
these prompts are the examinee performances assessed by a team of 2 raters. After listening to all
examinee responses, raters are asked to assign holistic ratings to the entire group of responses for
the following scale categories: Content, Grammar, Vocabulary, Pronunciation, and Fluency. As

seen in Figure 2, the sub-scales range from a low of 1 to a high of 6 and are anchored by bipolar

descriptions.

CONTENT Inappropriate 1 2 3 4 5 6 Appropriate
GRAMMAR Inaccurate 1 2 3 4 5 6 Accurate
VOCABULARY Inadequate 1 2 3 4 S 6 Adequate
PRONUNCIATION Non-Native = 1 2 3 4 5 6 Native
FLUENCY Broken 1 2 3 4 5 6 Smooth

Figure 2. French Certification Exam Performance Scales



Method

Since their inception in 1991, the Spanish and French subject area exams have been
administered to a total of 1,672 and 397 teacher candidate exa’minees, respectively. From this
data set, examinees were grouped by the unique ID codes of the 2 raters who supplied the
holistic ratings for that individual. Of these rater combination groupings, 31 unique rater pair
combinations were selected for Spanish each of which contained data for 25 or more examinees.
For French, 8 rater pair groupings were selected each of which contained data for 24 or more
examinees. From the Spanish subgroups, 25 examinees were randomly selected from within
each of the 31 subgroups yielding a total sample size of 775 (25 x 31). From the French
subgroups, 24 examinees were randomly selected from each of the 8 groups yielding a total
sample size of 192 (24 x 8).

Performance data for both foreign language exams were analyzed first by use of a fully
random (Person x Rater x Scale) fully crossed design. Variance components were estimated
using this design for each of the 31 subgroups of Spanish examinees and for each of the 8
subgroups for French examinees. The resulting variance component estimates from the fully
random model were then used to estimate the variance components for a mixed design consisting
of two random facets (Persons and Raters) and one fixed facet (Scale) by averaging over
conditions for the fixed facet. Variance components for the persons (p*), raters (#*) and the

(pr.e* interaction in the fixed model were estimated using equations 1-3.

0'2 = 0'2 +—l-_(0'2 ) (1)

>



2 _ 2. .1(9
O T T (UrS) | )
1
012>r e* =012>r +—(02 ) &)
) Ns prs,e

Relative error for each subgroup was calculated using equation 4. Absolute error for each

subgroup was calculated using equation 5.
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A phi coefficient or index of dependability for absolute decisions was estimated for each data

subgroup using equation 6.
P
g= (——) (6)

To examine variance associated with different forms of the exams, a separate (Person: Form x
Rater) partially nested design was used for both the Spanish and French data. In this design, all
raters were treated as the same pair (rater #1 and rater #2, crossed with Persons and Forms)

regardless of the actual rater ID. Reducing the rater facet in this way was considered justified in
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light of the small variance associated with the rater component found in the first design of this
study. For Spanish , 200 examinee cases for each of 3 forms (A, B, and C) were randomly
selected from the existing data. For French, 80 examinees for each of three forms were rahdomly
selected. The resulting 600 Spanish and 240 French examinee cases were then used to estimate
the magnitude of the 5 variance components for the nested design: Form, Rater, Person:Form,
Form x Rater, and Person:Form x Rater.
Results
Performance assessment data were analyzed using the SAS VARCOMP procedure, using the

default MIVQUEDO option for estimation of the design variance components. The variance

components associated with the fully random (p x r x s) design were estimated for each of the
31 subgroups (n per subgroup = 25) for Spanish and each of the 8 subgroups (n per subgroup =
24) for French. The resulting variance component estimates for the fully random design are
listed in Table 1 for the Spanish data and Table 8 for the French data. The variance components
for the same samples using a mixed design (fixed facet = Scale), averaging over levels of the
fixed facet, are shown in Table 2 (Spanish) and Table 9 (French). The variance componeqt data
from these 4 tables form distributions of variance component estimates from which mean
estimates and standard errors may be calculated. Tables 3 and 4 show the means of the variance
components and their standard errors for both the fully random and mixed models for Spanish.
The means of the variance component estimates and their standard errors for the French data can
be seen in Tables 10 and 11. Standard errors of the distributions are shown both for the set of
subgroup means (labeled as empirical standard error) and for the theoretical standard error for
each subgroup estimated by. use of the formulas for theoretical sampling variance described by

Smith (Smith, 1978). Theoretical sampling variance approximations are listed in the appendix.
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As can be seen from the data for standard errors, the estimates for both the empirical and
theoretical methods of estimation substantially agree.

The mean variance component estimates from all subgroups were used to assess the quality of
the performance ratings. The summary of the variance component magnitudes for both random
and fixed models can be seen in Table 5 (Spanish) and Table 12 (French). The data indicate that
for both examination data sets, universe or person variance accounts for the largest single
component of the total variance. Variance component estimates for facets associated with
measurement error (such as the variance component for Raters and Scale) were small.

For the Spanish data, the mean absolute error variance was 0.058 and the mean phi coefficient

- was 0.923. The small magnitude of the absolute error variance and the correspondingly high

value for the phi coefficient show that the performance ratings for Spanish reflect primarily
universe score variance. The mean absolute error variance of 0.101 and the mean phi coefficient
of 0.901 for the French data show that these ratings, likewise, reflect primarily universe score
variance. The phi coefficients in these contexts can be viewed as generalizability coefficients for

absolute decisions.

Variance Component magnitudes resulting from the partially nested (Person:Form x Rater)
design seen in Table 7 (Spanish) and Table 14 (French) show that the magnitude of the Forms
facet is also small--about 1% of the total variance. As with the fully crossed design, the partially
nested design also indicates that person variance accounts for over 80% of the total variance of
the model.

It should be noted, finally, that the raw performance data used in this study were taken from
the ratings of judges before use of any arbitration procedures. In the scoring procedures for

Spanish, for example, a third referee or arbitration rater is used to reduce disparity between rater
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scores whenever the absolute magnitude of the difference between the sums of the 2 raters'
assigned scores equals or exceeds 5 points on the scale of 4 to 24 points. In French, an
arbitration rater is used if the magnitude of the difference between the mean ratings per rater
equals or exceeds +2.0. Arbitration was used in only about 2% of the examinee cases in this
data set. Since the raw performance data used in this study did not incorporate arbitration ratings,
the estimates of the overall generalizability of the scores and the magnitude of the various error
facets can be considered as lower bound estimates, as the use of arbitration should only decrease
error variance.
Conclusions

The evidence produced by this generalizability theory based analysis indicates that these
performance ratings for certification examinations reflect primarily universe score variance, that
is, variance actually associated with differences among examinees in knowledge and proficiency
in the domains of French and Spanish. Variance associated with potential major sources of
measurement error such as differences among raters, scales, or test forms does not seem to be of
a large enough magnitude to constitute a serious threat to the generalizability of these ratings.
Task related variance, which has been found to be a significant problem in other studies of éhe
generalizability of performance ratings (e.g. Shavelson, et. al 1993) does not seem to be a threat
to the quality of ratings in this case (assuming that task variance would become manifest as
Forms related variance in this design). Overall generalizability of these performance ratings, as
assessed by the phi coefficient, was high enough (> .90) to warrant confidence in their use for

certification decisions.



Table 1

Spanish Certification Examination Performance Data

10

Estimated Variance Components for Fully Random (p x r x s) Design for 31 Unique Rater Pairs

Unique Persons (p) Raters (r) Scale (5) pr ps rs prs,e
ﬁtierr o, o; o; o, O o O prne

1 0.67500 0.00278  0.033333  0.00722 0.00667 0.02556 0.17944
2 0.70694 0.00 0.049861 0.04042 0.02014 0.06292 0.21875
3 0.68347 0.00 0.062639  0.00542 0.08069 0.00167 0.15000
4 0.72750 0.00 0.009167 0.04569 0.01083 0.00444 0.26222
5 0.72528 0.01139  0.027361 0.07194 0.06597 0.02986 0.24681
6 0.79958 0.00 0.009583  0.12403 0.05375 0.02403 0.15097
7 0.75347 0.00472  0.055556 0.09194 0.11111 0.00653 0.12181
8 0.53958 0.11153  0.000000 0.04181 0.16000 0.03806 0.22861
9 0.78097 0.02222  0.012639 0.04111 0.06403 0.00361 0.16806
10 0.60417 0.00014  0.004167 0.05319 0.00 0.00111 0.24556
11 0.56181 0.02639 0.00 0.09694 0.16778 0.02778 0.19889
12 0.95069 0.00597  0.056111 0.06736 0.06722 0.00 0.18972
13 0.45611 0.00 0.019444  0.06583 0.03389 0.00 0.21250
14 0.73472 0.03667  0.005139 0.01333 0.00 0.02375 0.18625
15 0.35306 0.00 0.056806 0.01903 0.12653 0.01319 0.16847
16 0.52778 0.00 0.051528 0.09667 0.05181 0.01000 0.15500
17 0.84389 0.00542  0.030556 0.03125 0.04611 0.00 0.15750
18 0.60903 0.00 0.004861 0.01875 0.09181 0.07583 0.25750
19 0.71708 0.01514  0.017083  0.03153 0.11292 0.03153 0.21681
20 1.13444 0.00 0.057778 0.05694 0.14222 0.02361 0.19639
21 0.59417 0.03556 0.00 0.07111 0.10625 0.01944 0.17389
22 1.25361 0.00 0.025278 0.04611 0.01806 0.00 0.20806
23 0.47444 0.00069 0.017361  0.02931 0.06597 0.00181 0.17319
24 1.19236 0.00 0.009861 0.11194 0.08681 0.01069 0.15097
25 0.87417 0.00 0.083333  0.05319 0.16000 0.01153 0.17181
26 0.87972 0.00 0.00 0.06486 0.06111 0.11528 0.25639
27 0.54333 0.00111  0.090417 0.01556 0.02958 0.00 0.20569
28 0.50903 0.00 0.001111 0.07236 0.11889 0.00694 0.15139
29 0.61319 0.00444  0.059444 0.16556 0.00 0.00431 0.23069
30 0.59583 0.00 0.082083 0.05736 0.18792 0.00 0.17681
31 0.58319 0.00389 0.00 0.01944 0.02431 0.11611 0.27556

Note. Negative variance estimates set to 0.00.
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Table 2

Spanish Certification Examination Performance Data

Estimated Variance Components for Mixed (p x r x s) Design for 31 Unique Rater Pairs

0_2 0_2 0_2
P r pr

Estimated  Percent Estimated Percent Estimated  Percent

Variance of Total Variance of Total Variance of Total

Component Variance Component Variance Component Variance
1 0.67667 92 0.00917 1 0.05208 7
2 0.71198 88 0.00 0 0.09510 12
3 0.70365 94 0.00 0 0.04292 6

4 0.73021 87 0.00 0 0.11125 13 .

5 0.74177 83 0.01885 2 0.13365 15
6 0.81302 83 0.00198 0 0.16177 17
7 0.78125 = 86 0.00635 1 0.12240 13
8 0.57958 72 0.12104 15 0.09896 12
9 0.79698 88 0.02312 3 0.08313 9
10 0.60146 84 0.00042 0 0.11458 16
11 0.60375 77 0.03333 4 0.14667 19
12 0.96750 89 0.00521 0 0.11479 11
13 0.46458 80 0.00 0 0.11896 21
14 0.72927 88 0.04260 5 0.05990 7
15 0.38469 87 0.00 0 0.06115 14
16 0.54073 80 0.00 0 0.13542 20
17 0.85542 92 0.00438 0 0.07063 8
18 0.63198 89 0.00 0 0.08313 12
19 0.74531 - 87 0.02302 3 0.08573 10
20 1.17000 92 0.00 0 0.10604 8
21 0.62073 80 0.04042 5 0.11458 15
22 1.25813 93 0.00 0 0.09813 7
23 0.49094 87 0.00115 0 0.07260 13
24 1.21406 89 0.00 0 0.14969 11
25 0.91417 91 0.00 0 0.09615 10
26 0.89500 88 0.00 0 0.12896 13
27 0.55073 89 0.00052 0 0.06698 11
28 0.53875 84 0.00 0 0.11021 17
29 0.60833 73 0.00552 1 0.22323 27
30 0.64281 87 0.00 0 0.10156 14
31 0.58927 83 0.03292 5 0.08833 12

Note. Negative variance estimates set to 0.00.
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Table 3

Spanish Certification Examination Performance Data

Mean Variance Components and Standard Errors for Random (» x r x s) Design for 31

Unique Rater Pairs

Source of Empirical  Theoretical
Variation Mean Standard Standard
Error Error
0_2 0.7096 0.2106 0.2259
p
0_2 0.0051 0.0245 0.0238
s
0_2 0.0282 0.0313 0.0413
s
2 0.0557 0.0368 0.0315
apr
0_2 0.0716 0.0572 0.0331
ps
0_2 0.0217 0.0313 0.0242
rs
2 0.1963 0.0399 0.0327
prs,e

Note. Negative variance component estimates included in calculations of means.
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Table 4

Spanish Certification Examination Performance Data

Mean Variance Component Estimates and Standard Errors for Mixed (p x r x s) Design for 31

Unique Rater Pairs

Source of Standard
Variation Mean Error
0_2 0.7275 0.2104
p
2 0.0106 0.0249
o
-
2 0.1048 0.0366
apr N

Note. Negative variance component estimates included in calculations of means.
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Table 5

Spanish Certification Examination Performance Data

Summary Analysis of (p x ¥ x s5) Design for Both Random and Mixed Models

Random Design Mixed Design (Fixed Facet = Scale)

Variance Estimated Variance  Estimated Percent of
Source  Component Value Source  Component Value Total Variance
Examinees 0'; 0.7096 Examinees 0'; 0.7275 86%
@ @ '
Raters o} 0.0051 Raters o} 0.0106 1.3%
r) r)
Scale o 0.0282
(s)
pr o) 0.0557 oh. 01048 12.9%
ps o, 0.0716
rs o} 0.0217
prs,e O'j,u 0.1963
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Table 6

Spanish Certification Examination Performance Data

Relative Error, Absolute Error and Phi Coefficients for Mixed (p x r x s) Design for 31

Unique Rater Pairs

Relative Absolute Phi
Error Error Coefficient
2 2

(UReI ) (GAbs) (¢)

0.02604 0.03063 0.95670
0.04755 0.04688 0.93823
0.02146 0.02063 0.97152
0.05562 0.05500 0.92995
0.06682 0.07625 0.90679
0.08089 0.08188 0.90851
0.06120 0.06437 0.92387
0.04948 0.11000 0.84048
0.04156 0.05312 0.93751
0.05729 0.05750 091274
0.07333 0.09000 0.87027
0.05740 0.06000 0.94161
0.05948 0.05750 0.88986
0.02995 0.05125 0.93434
0.03057 0.02938 0.92906
0.06771 0.06563 0.89177
0.03531 0.03750 0.95800
0.04156 0.04000 0.94047
0.04286 0.05438 0.93200
0.05302 0.05250 0.95706
0.05729 0.07750 0.88900
0.04906 0.04750 0.96362
0.03630 0.03688 0.93014
0.07484 0.07187 0.94411
0.04807 0.04625 0.95184
0.06448 0.06312 0.93412
0.03349 0.03375 0.94226
0.05510 0.05313 0.91024
0.11161 0.11438 0.84174
0.05078 0.04875 0.92951
0.04417 0.06062 0.90672
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Table 7

Spanish Certification Examination Performance Data

Summary Analysis of ((p: f) xr) Partially Nested Design

Variance Estimated Percent of
Source Component Value Total Variance
Forms (f) 0'}% 0.0715 1.0%
Raters (r) arz 0.0037 0.0%
2
Persons:Forms (p: o 11.3425 84.0%
ersons:Forms (p.f) . of 0
2 * 0
Ir o b 0.00 0.0%
: 2 ' 0
pfre Gpr,fpr,e 2.0747 15.0%

18




Table 8

French Certification Examination Performance Data

17

Estimated Variance Components for Fully Random (p x r x s) Design for 8 Unique Rater Pairs

Unique Persons (p) Raters (*)  Scale (5) pr ps rs prs,e
2 2
PR 7 G G T % T,
1 0.85679 0.00 0.017935  0.25534  0.15082  0.037772  0.35806
2 1.04447 0.00 0.040217  0.05217  0.23270  0.037319  0.25435
3 0.94538 0.00 0.030163  0.14339  0.11984 0.00 '0.18089
4 1.21522 0.002808  0.013134 0.14719  0.00145 0.00 0.20734
5 0.65942 0.00 0.029710  0.06658  0.12029  0.003804  0.31911
6 0.76902 0.006884 0.082971 0.07853  0.12120  0.005435  0.31748
7 0.89058 0.00 0.005797  0.28351  0.07754 0.00 0.25996
8 0.89737 0.00 0.037772  0.18062  0.02473 0.014764  0.20399

Note. Negative variance estimates replaced by 0.00.
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Table 9

French Certification Examination Performance Data

Estimated Variance Components for Mixed (p x r x s) Design for 8 Unique Rater Pairs

0_2 0_2 0_2
p r pr
Estimated Percent Estimated Percent Estimated Percent
Variance of Total Variance of Total Variance of Total
Component Variance Component Variance Component Variance
1 0.88696 73 0.00638 1 0.32696 27
2 1.09101 92 0.00 0 0.10304 9
3 0.96935 85 0.00 0 0.17957 16 -
4 1.21551 86 0.0022 0 0.18866 13
5 0.68348 84 0.00 0 0.13040 16
6 0.79326 84 0.00797 1 0.14203 15
7 0.90609 73 0.00 0 0.33551 27
8 0.90232 81 0.00 0 0.22141 20

Note. Negative variance estimates replaced by 0.00.
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Table 10

French Certification Examination Performance Data

Mean Variance Components and Standard Errors for Random (p xr x s) Design for 8

Unique Rater Pairs

Source of Empirical  Theoretical
Variation Mean Standard Standard
Error Error
0_2 0.9098 0.1684 0.3063
p
0_2 -0.0035 0.0064 0.0119
”
0_2 0.0322 0.0237 0.0350
s
0_2 0.1509 - 0.0858 0.0606
pr
0_2 0.1060 0.0727 0.0403
ps
0_2 0.0113 0.0173 0.0159
rs
0_2 0.2626 0.0639 0.0387
prs,e

Note. Negative variance component estimates included in calculations of means.
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Table 11

French Certification Exam Performance Data

Mean Variance Component Estimates and Standard Errors for Mixed (p x r x s) Design for 8

Unique rater Pairs

Source of Standard
Variation Mean Error
2 0.9310 0.1655
o
p
o2 -0.0013 0.0063
r
o2 0.2034 0.0870
pr.e

Note. Negative variance component estimates included in calculations of means.

22
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Table 12

French Certification Exam Performance Data

Summary Analysis of (p x » x s) Design for Both Random and Mixed Models

Random Design Mixed Design (Fixed Facet = Scale)
Variance Estimated Variance  Estimated Percent of
Source  Component Value Source  Component Value Total Variance
Examinees o’ 0.9098 Examinees o) 0.9310 82%
2 @)
Raters o} 0.00* Raters o} 0.00* 0%
(r) (r)
Scale o’ 0.0322
(s) '
pr ol 0.1509 pr.e Che 0.2034 17%
ps o, 0.1061
rs o’ 0.0113
prs,e a,f,s_e 0.2626

* Negative Estimate set to 0.00
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Table 13

French Certification Examination Performance Data

Relative Error, Absolute Error and Phi Coefficients for Mixed (p x r x s) Design for 8

Unique Rater Pairs

Relative Absolute Phi
Error Error Coefficient
2 2

(GRel ) (GAbs) (¢)

0.1635 0.1667 0.8418
0.0500 0.0500 0.9562
0.0898 0.0867 0.9179
0.0943 0.0954 0.9272
0.0652 0.0646 0.9137
0.0710 0.0750 0.9136
0.1677 0.1642 0.8466
0.1107 0.1063 0.8947
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Table 14

French Certification Examination Performance Data

Summary Analysis of ((p: f) xr) Partially Nested Design

23

Variance Estimated Percent of
Source Component Value Total Variance
Forms () 0'j2, 0.00 0.0%
Raters (7) 0'r2 ' 0.0781 0.0%
2

Persons:Forms (p: 24.9672 82.0%

ersons:Forms (p:f) ap,p f 0
£ aj% 0.0601 0.0%

. 2 0
pfre o-pr,ﬁ)r,-e 5.4409 18.0%
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Appendix
Theoretical Sampling Variance of Variance Components for (p x r x s)

Fully Crossed Random Design (Smith, 1978)

- ) , A
Gzr st Gzrs 1 Gzr Gzrs e
oty Bl PP + o, preey
nr ns nshr (nr=11 nr nshr
: 2 2
Variance o< = X
P m-1 2 2 \2 2 )2
o} o} o}
1 ps L _Prs.e . 1 prs,e
(ns—=1)| ns nshr (ns=1)(nr-1)| nsn-
2 5 2 )2 2 2 2
(o) o (o)
2 ps rs prs 1 ps prs,e
o+ + +
np np npnr (=1 np npnr
2
Variance g2 = X
s ns—1 2 2 2 2
2 & o}
1 C.s ~prs,e . 1 prs,e
(nr=1| n- nphr (np=1)(nr=1)| npn-
2 5 2 1)\2 2 2 )2
Tpr O, < prs 1 pr prs,e
o+ + + +
np Ay Wphs (mp=1| np NpNis
. 2 2
Variance o< = X :
r nr—1 2 2 2 2 2
1 |G, ~prse 1 prs,e
(n.s - 1) Ns NpNs (np - 1)(}1.\' - 1) NpNs
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. 2 2
Variance o
pr

. 2 - 2
Variance O'p s (np = D(ns—1)

Vari 2. _ 2 X
AManeE G = = D(m—1)

2 =

= — X
(np—1)(nr—1)

. 2 :
Vanance o o = ((np = D)(nr = 1)(ns - 1))
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o2 [ o2
2 prs,e 1 prs,e
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Gzrs e 1 Gzrs e
ps nr - (nr—1) hr
Gzrs e 1 Gzrs e
o2 + 4kl + P
rs np (np—1) 4
o4
prs,e
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